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MEMORY SYSTEM AND METHOD FOR
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No. 10-2013-0128497, filed on Oct. 28, 2013,
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
a memory system and a method for operating the same.

2. Description of the Related Art

A memory cell of a memory includes a transistor serving
as a switch and a capacitor that stores charges, i.e., data.
“High” (logic “1”) and “low” (logic “0”) of data are clas-
sified according to whether there are charges in the capacitor
of'the memory cell, that is, whether a potential between both
terminals of the capacitor is high or low.

Since data retention represents that charges are accumu-
lated in the capacitor, there is no power consumption in
principal. However, data may be lost since initial charges
stored in the capacitor are lost by a leakage current due to a
PN junction and the like of a metal oxide semiconductor
(MOS) transistor. To substantially prevent such a loss, it is
necessary to read data of the memory cell before the data is
lost and to recharge normal charges according to the read
information. Only when such an operation is periodically
repeated, data storage is substantially maintained. Such a
recharge process of the cell charge is called a refresh
operation.

The refresh operation is performed whenever a refresh
command is applied from a memory controller to a memory,
wherein the memory controller applies the refresh command
to the memory at a set time interval taking into consideration
a data retention time of the memory. For example, when all
memory cells of the memory may be refreshed when the data
retention time of the memory is 64 ms and the refresh
command is applied 8,000 times, the memory controller
applies the refresh command to the memory 8,000 times for
64 ms.

With an increase in the degree of integration of a memory,
an interval among a plurality of word lines included in the
memory is reduced, resulting in an increase in a coupling
effect between adjacent word lines. Therefore, when a
specific word line is excessively activated several times or is
frequently refreshed in the memory during a refresh opera-
tion, data of a memory cell MC coupled to a word line
adjacent to the specific word line may be lost. Such a
phenomenon is called word line disturbance.

SUMMARY

Various exemplary embodiments of the present invention
are directed to a memory system that normally operates by
performing a target refresh operation even when data of a
memory cell may deteriorate due to word line disturbance,
and a method for operating the same.

Embodiments of the present invention are directed to a
memory system capable of operating at a high speed by
reducing a time necessary for a target refresh operation, and
a method for operating the same.

In accordance with an exemplary embodiment of the
present invention, a memory system includes: a memory
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2

suitable for including a cell array having a plurality of word
lines and an address storage unit that stores an address in
response to a capture command, wherein the memory
sequentially refreshes the plurality of word lines in response
to a refresh command inputted at a set cycle, and refreshes
a word line corresponding to the stored address among the
plurality of word lines in response to the refresh command
when the address is stored in the address storage unit; and a
memory controller suitable for transmitting the refresh com-
mand to the memory at the set cycle when a word line
satisfying one or more of conditions that the number of
activation times is equal to or more than a reference number
and an activation frequency is equal to or more than a
reference frequency is detected, and transmitting the capture
command and an address of the detected word line to the
memory.

In accordance with another exemplary embodiment of the
present invention, a memory system includes: a memory
suitable for including a cell array having a plurality of word
lines, sequentially refreshing the plurality of word lines in
response to a refresh command inputted at a set cycle, and
refreshing a word line corresponding to an input address and
one or more adjacent word lines adjacent to the word line
corresponding to the input address in response to a target
refresh command; and a memory controller suitable for
transmitting the refresh command to the memory at the set
cycle when a word line satisfying one or more of conditions
that the number of activation times is equal to or more than
a reference number and an activation frequency is equal to
or more than a reference frequency is detected, and trans-
mitting the target refresh command and an address of the
detected word line to the memory.

In accordance with another embodiment of the present
invention, a method for operating a memory system includ-
ing a memory having a plurality of word lines and a memory
controller includes: transmitting, by the memory controller,
a capture command and an address of a word line to the
memory when the word line is detected from among the
plurality of word lines, the word line satisfying one or more
of conditions that a number of activation times is equal to or
more than a reference number and an activation frequency is
equal to or more than a reference frequency; storing, by the
memory, the address transmitted from the memory control-
ler in response to the capture command; and sequentially
refreshing, by the memory, the plurality of word lines in
response to a refresh command inputted at a set cycle, and
refreshing a word line corresponding to the stored address in
response to the refresh command when the address is stored
in response to the capture command.

In accordance with another embodiment of the present
invention, a method for operating a memory system includ-
ing a memory having a plurality of word lines and a memory
controller includes: transmitting, by the memory controller,
a refresh command to the memory at a set cycle, and
transmitting a target refresh command and an address of a
word line to the memory when the word line is detected from
among the plurality of word lines, the word line satisfying
one or more of conditions that a number of activation times
is equal to or more than a reference number and an activation
frequency is equal to or more than a reference frequency;
and sequentially refreshing, by the memory, the plurality of
word lines in response to the refresh command inputted at
the set cycle, and refreshing a word line corresponding to an
input address and one or more adjacent word lines adjacent
to the word line corresponding to the input address in
response to the target refresh command.
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According to the present technology, it is possible to store
a frequently activated word line with the large number of
activation times or a high activation frequency, and to
perform a target refresh operation based on a stored address,
thereby substantially preventing a word line disturbance.

Furthermore, it is possible for a memory system to operate
at a high speed by reducing a time necessary for a target
refresh operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a part of a cell array
included in a memory for describing a word line distur-
bance;

FIG. 2 is a timing diagram describing a target refresh
operation in which adjacent word lines adjacent to a fre-
quently activated word line are refreshed;

FIG. 3 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention;

FIG. 4 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention; and

FIG. 5 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

Exemplary embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the present invention to those skilled in the art. Throughout
the disclosure, like reference numerals refer to reference
numerals correspond directly to the like numbered parts in
the various figures and embodiments of the present inven-
tion. It is also noted that in this specification, “connected/
coupled” refers to one component not only directly coupling
another component but also indirectly coupling another
component through an intermediate component. In addition,
a singular form may include a plural form as long as it is not
specifically mentioned in a sentence.

FIG. 1 is diagram illustrating a part of a cell array
included in a memory for describing a word line disturbance.

Referring to FIG. 1, “WLK-17, “WLK”, and “WLK+1”
in the cell array indicate three word lines arranged in parallel
with one another. The word line WLK designated by
“HIGH_ACT” indicates a frequently activated word line
with the large number of activation times or a high activation
frequency, and the word lines WLK-1 and WLK+1 indicate
adjacent word lines arranged adjacent to the word line WLK.
“CELL_K-17, “CELL_K”, and “CELL_K+1” indicate
memory cells coupled to the word lines WLK-1, WLK, and
WLK+1, respectively. The memory cells CELL_K-1,
CELL_K, and CELL_K+1 include a cell transistor TR_K-1
and a cell capacitor CAP_K-1, a cell transistor TR_K and a
cell capacitor CAP_K, and a cell transistor TR_K+1 and a
cell capacitor CAP_K+1, respectively. For reference, “BL”
and “BL+1” indicate a bit line.

In FIG. 1, when the frequently activated word line WLK
is activated and precharged, voltages of the adjacent word
lines WLK-1 and WLK+1 Increase or decrease due to a
coupling phenomenon occurring between the frequently
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4

activated word line WLK and the adjacent word lines
WLK-1 and WLK+1, thereby affecting the amount of
charge stored in the cell capacitors CAP_K-1 and CAP_K+
1. Accordingly, when the frequently activated word line
WLK is considerably activated and precharged, and is
toggled at the activated state and the precharged state, data
stored in the memory cells CELL._K-1 and CELL_K+1 may
be damaged due to a change in the amount of charge stored
in the cell capacitors CAP_K-1 and CAP_K+1.

Furthermore, an electromagnetic wave, which has been
generated when the word line is toggled at the activated state
and the precharged state, allows electrons of a cell capacitor
included in a memory cell coupled to an adjacent word line
to be introduced and discharged, so that data of the memory
cell may be damaged.

FIG. 2 is a diagram for describing a target refresh opera-
tion in which adjacent word lines adjacent to a frequently
activated word line are refreshed.

Referring to FIG. 2, commands MODE_SET, ACT, and
PRE, and addresses ADD1 to ADD3 and ADD_SET may be
inputted in synchronization with a clock signal CLK.

A memory may include a plurality of word lines WLO to
WLN, each coupled to a plurality of memory cells (not
illustrated), respectively.

When a frequently activated word line HIGH_ACT_WL
is detected, a memory controller (not illustrated) may apply
the command MODE_SET for setting a mode to the
memory. The command MODE_SET may be a mode reg-
ister set (MRS) command of the memory. The memory
controller may apply an address ADD_SET1 for allowing
the memory to enter a target refresh section to the memory
together with the command MODE_SET. Through the
aforementioned operation, the memory may enter (A) the
target refresh section TRR_SECTION for performing a
target refresh operation.

When the memory enters the target refresh section TRR_
SECTION, the memory controller may sequentially apply
the active command ACT and the precharge command PRE
to the memory, and may apply the address ADD1 corre-
sponding to the frequently activated word line HIGH_
ACT_WL and the addresses ADD2 and ADD3 for selecting
adjacent word lines ADJ1_WL and ADJ2_WL. During the
target refresh section TRR_SECTION;, the memory may
sequentially refresh the frequently activated word line
HIGH_ACT_WL and the adjacent word lines ADJ1_WL
and ADJ2_WL.

When the target refresh operation is completed, the
memory controller may apply the mode setting command
MODE_SET and an address ADD_SET2 to the memory,
thereby ending (B) the target refresh mode of the memory
using a method similar to that when the target refresh mode
is set. The target refresh operation of FIG. 2 requires a time
T1 for setting the mode of the memory as the target refresh
mode, a time T2 for refreshing a word line by applying a
command, a time T3 for ending the target refresh mode of
the memory, and the like.

FIG. 3 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention.

As illustrated in FIG. 3, the memory system may include
a memory 310 and a memory controller 320. The memory
310 may include a command input unit 311, an address input
unit 312, a command decoder 313, an address counting unit
314, an address storage unit 315, an address selection unit
316, a refresh control unit 317, a word line control unit 318,
and a cell array 319. The memory controller 320 may
include a command generation unit 321, an address genera-
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tion unit 322, and a word line detection unit 323. The cell
array 319 may include a plurality of word lines WLO to
WLN to which one or more memory cells MCs have been
coupled. FIG. 3 illustrates a configuration related to an
activation operation and a refresh operation in the memory
system. Configurations related to other operations, such as a
read operation or a write operation, that are not directly
related to the present invention have not been illustrated.

With reference to FIG. 3, the memory system will be
described. Hereinafter, a refresh operation for sequentially
refreshing the plurality of word lines WL0 to WLN is called
a “normal refresh operation” and an operation for refreshing
a selected word line based on an address stored in the
address storage unit 315 is called a “target refresh opera-
tion.”

The command input unit 311 may receive command
signals CMDs applied from the memory controller 320, and
the address input unit 312 may receive addresses ADDs
applied from the memory controller 320 to output an input
address IN_ADD. The command signals CMDs and the
addresses ADDs may include multi-bit signals, respectively.

The command decoder 313 may decode the command
signals CMDs inputted through the command input unit 311,
and generate an active command ACT, a refresh command
REF, a precharge command PRE, and a capture command
CAP. The command decoder 313 may activate the active
command ACT when a combination of the inputted com-
mand signals CMDs indicates the active command ACT,
activate the refresh command REF when the combination
indicates the refresh command REF, activate the precharge
command PRE when the combination indicates the pre-
charge command PRE, and activate the capture command
CAP when the combination corresponds to the capture
command CAP. Additionally, the command decoder 313
may decode the inputted command signals CMDs and
generate read and write commands and the like. However,
since these commands are not directly related to the memory
according to the exemplary embodiment of the present
invention, an illustration and description thereof will be
omitted.

The address counting unit 314 performs a counting opera-
tion whenever the cell array 319 is refreshed, and generates
a counting address CNT_ADD based on a result of the
counting operation. The address counting unit 314 increases
a value of the counting address CNT_ADD by 1 whenever
a refresh active signal REF_ACT is activated. Increasing the
value of the address by 1 represents that when the word line
WLK has been previously selected K times, an address is
changed such that the word line WLK+1 is selected K+1
times next time. The address counting unit 314 may not
perform the counting operation when a target refresh signal
TRR has been activated even though a word line is
refreshed. This is due to the counting address CNT_ADD
not being used in the target refresh operation.

When the capture command CAP is activated, the address
storage unit 315 may store the input address IN_ADD
inputted from the address input unit 312 together with the
capture command CAP. The input address IN_ADD inputted
together with the capture command CAP may include an
address of a word line with the number of activation times
equal to or more than a reference number or with an
activation frequency equal to or more than a reference
frequency. When the target refresh signal TRR is activated,
the address storage unit 315 may sequentially output one or
more addresses of the stored address hereinafter, referred to
as a “target address TAR_ADD?”, and one or more adjacent
addresses. The adjacent addresses may include addresses of
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one or more word lines adjacent to a word line correspond-
ing to the address stored in the address storage unit 315.

For example, a plurality of word lines WL0 to WLN have
been sequentially arranged and have addresses with values
of “0” to “N” that have been allocated to the plurality of
word lines WL0 to WLN, respectively. When an address “K”
is stored together with the capture command CAP, the
address storage unit 315 may store the address K. When the
target refresh signal TRR is activated, the address storage
unit 315 may sequentially output one or more of the K and
K-1 and K+1 that are addresses of the word lines WLK-1
and WLK+1 adjacent to the word line WLK corresponding
to the K. The K-1 and the K+1 may be generated by
subtracting 1 from the K address stored in the address
storage unit 315 and by adding 1 to the K address stored in
the address storage unit 315, respectively.

The address selection unit 316 may receive the input
address IN_ADD, the counting address CNT_ADD, and the
target address TAR_ADD, then may select one from these
addresses, and output the selected address as an output
address OUT_ADD. The address selection unit 316 may
select the input address IN_ADD when the active command
ACT is activated, select the counting address CNT_ADD
when a refresh signal REFP is activated, and select the target
address TAR_ADD when the target refresh signal TRR is
activated.

When the refresh command REF is activated, the refresh
control unit 317 may activate the refresh signal REFP. When
the refresh command REF is activated after the capture
command CAP is activated, the refresh control unit 317 may
activate the target refresh signal TRR. Furthermore, the
refresh control unit 317 may activate the refresh active
signal REF_ACT in response to the refresh command REF,
and activate a refresh precharge signal REF_PRE after a set
time passes. The number of times, by which the refresh
control unit 317 activates the refresh active signal
REF_ACT and the refresh precharge signal REF_PRE in
response to one refresh command REF, may be changed
according to design.

For example, in the normal refresh operation, one word
line is refreshed when the refresh command REF is activated
once, and in the target refresh operation, three word lines are
activated when the refresh command REF is activated once.
The word lines refreshed in the target refresh operation may
include a frequently activated word line WLK correspond-
ing to the address stored in the address storage unit 315, and
two adjacent word lines WLK-1 and WLK+1 adjacent to the
frequently activated word line WLK. Accordingly, the
refresh control unit 317 may activate the refresh active
signal REF_ACT and the refresh precharge signal REF_
PRE once when the refresh command REF is activated, and
activate the refresh active signal REF_ACT and the refresh
precharge signal REF_PRE three times when the target
refresh signal TRR is activated.

The target refresh signal TRR may be activated for a time
necessary for the target refresh operation. For example,
when three word lines are refreshed in the target refresh
operation, the target refresh signal TRR may be activated for
a time necessary for sequentially activating and precharging
the three word lines.

The word line control unit 318 may activate a word line,
which corresponds to the output address OUT_ADD, among
the plurality of word lines WLO to WLN when the active
command ACT or the refresh active signal REF_ACT is
activated. Furthermore, the word line control unit 318 may
precharge the activated word line when the precharge com-
mand PRE or the refresh precharge signal REF_PRE is
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activated. When a specific word line is activated and pre-
charged, refresh of memory cells coupled to the specific
word line may be completed.

The memory controller 320 may transmit command sig-
nals CMDs corresponding to the refresh command REF to
the memory 310 at a set cycle, and when a word line, which
satisfies one or more of conditions that the number of
activation times is equal to or more than the reference
number and the activation frequency is equal to or more than
the reference frequency, is detected from among the plurality
of word lines WL0O to WLN;, the memory controller 320 may
transmit command signals CMDs corresponding to the cap-
ture command CAP and an address of the detected word line
to the memory 310.

The command generation unit 321 may generate the
command signals CMDs for controlling an operation of the
memory 310, and transmit the command signals CMDs to
the memory 310. The command generation unit 321 may
generate the command signals CMDs corresponding to the
refresh command REF at a set cycle, and when a detection
signal DET is activated, the command generation unit 321
may generate the command signals CMDs corresponding to
the capture command CAP and transmit the command
signals CMDs to the memory 310. Additionally, the com-
mand generation unit 321 may generate command signals
CMDs corresponding to the active command ACT, the
precharge command PRE, a read command, a write com-
mand and the like, and transmit the command signals CMDs
to the memory 310.

The address generation unit 322 may generate addresses
ADDs corresponding to a memory cell MC to be accessed,
among a plurality of memory cells MCs of the memory 310,
and transmit the addresses ADDs to the memory 310. The
address generation unit 322 may generate a row address and
transmit the row address to the memory 310 in a row
operation of the memory 310 for example, an activation
operation, a precharge operation and the like, and may
generate a column address and transmit the column address
to the memory 310 in a column operation) of the memory
310 for example, a read operation, a write operation and the
like. The address generation unit 322 may generate no
address in a refresh operation of the memory 310, and when
the detection signal DET is activated, the address generation
unit 322 may generate an address corresponding to the
detected word line based on a detection address DET_ADD
outputted from the word line detection unit 323, and transmit
the address to the memory 310.

The word line detection unit 323 may activate the detec-
tion signal DET and output the detection address DET_ADD
when a frequently activated word line or an address corre-
sponding to the frequently activated word line is detected
hereinafter, referred to as a “high active address”. Particu-
larly, when a word line is detected from among the plurality
of word lines WLO0 to WLN that satisfies one or more of
conditions of the number of activation times being equal to
or more than the reference number and the activation
frequency being equal to or more than the reference fre-
quency, the word line detection unit 323 may activate the
detection signal DET and output the detection address
DET_ADD of the detected word line. To detect the word line
with the number of activation times equal to or more than the
reference number, the word line detection unit 323 may
receive the command signals CMDs and the addresses
ADDs, and count the number of times by which an address
corresponding to each word line has been transmitted to the
memory 310 together with the command signals CMDs
corresponding to the active command ACT.
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The word line detection unit 323 may compare the
number of times, by which each word line has been acti-
vated, with the reference number, and when a word line with
the number of activation times larger than the reference
number is detected, the word line detection unit 323 may
activate the detection signal DET and output the detection
address DET_ADD of the detected word line. For example,
when the reference number is set to 10°, and a word line with
the number of activation times equal to or more than 10° is
detected, the word line detection unit 323 may activate the
detection signal DET and output the detection address
DET_ADD corresponding to the detected word line. A
counting value corresponding to the detected word line may
be initialized, and the number of activation times of the
detected word line may be counted again from the begin-
ning.

The word line detection unit 323 may store active history
in preset sections of the plurality of word lines WLO to
WLN, compare the activation frequency of the word lines
with the reference frequency, activate the detection signal
DET and output the detection address DET_ADD of the
detected word line when a word line with the activation
frequency higher than the reference frequency is detected.
For example, when the reference frequency represents that
a word line is activated twice when an active operation is
performed five times, the word line detection unit 323 may
detect a word line twice or more when the active operation
is performed five times, referring to word lines activated for
recent active operations of 10 times i.e., preset sections.

Hereinafter, an operation of the memory system will be
described. When the memory 310 refreshes one word line in
response to the refresh command REF and the capture
command CAP is activated, the memory 310 refreshes three
word lines, i.e., a word line corresponding to an address
stored in the address storage unit 315, a first adjacent word
line and a second adjacent word line, which are adjacent to
the word line corresponding to the address stored in the
address storage unit 315, in response to the refresh command
REF.

The memory controller 320 may transmit the command
signals CMDs corresponding to the refresh command REF
to the memory 310 at a set cycle. The memory 310 may
sequentially refresh the plurality of word lines WL0 to WLN
one by one whenever the refresh command REF is activated.
The memory controller 320 may apply the active command
ACT, the write command, the read command, the precharge
command PRE and the like between the refresh commands
REF, thereby accessing memory cells selected by an address
among the memory cells MCs included in the memory 310.

When a frequently activated word line is detected, the
memory controller 320 may transmit the command signals
CMDs corresponding to the capture command CAP and the
addresses ADDs corresponding to the detection address
DET_ADD to the memory 310. The memory 310 may store
the input address IN_ADD in response to the capture
command CAP, and when the refresh command REF is
activated, the memory 310 may sequentially output the
stored address, the first adjacent address, and the second
adjacent address as the target address TAR_ADD in a
section in which the target refresh signal TRR has been
activated. When the stored address corresponds to the WLK,
the first adjacent address may correspond to the WLK-1 and
the second adjacent address may correspond to the WLK+1.
The memory 310 may sequentially refresh the WLK, WLK-
1, and WLK+1 word lines in response to the target address
TAR_ADD in the section in which the target refresh signal
TRR has been activated.
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The memory system according to an exemplary embodi-
ment of the present invention may substantially prevent
deterioration of data of a memory cell due to a word line
disturbance, and may perform a high speed operation by
minimizing a time necessary for the target refresh operation.

FIG. 4 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention. The memory system of FIG. 4 may perform the
target refresh operation whenever the normal refresh opera-
tion is performed by a set number of times which is different
from the memory system of FIG. 3.

As illustrated in FIG. 4, the memory system may include
a memory 410 and a memory controller 420. The memory
410 may include a command input unit 411, an address input
unit 412, a command decoder 413, an address counting unit
414, an address storage unit 415, an address selection unit
416, a refresh control unit 417, a word line control unit 418,
and a cell array 419. The memory controller 420 may
include a command generation unit 421, an address genera-
tion unit 422, and a word line detection unit 423. The cell
array 419 may include a plurality of word lines WLO to
WLN to which one or more memory cells MCs have been
coupled. FIG. 4 illustrates only a configuration related to an
activation operation and a refresh operation in the memory
system. Configurations related to operations, such as a read
operation or a write operation, that are not directly related to
the present invention have not been illustrated.

With reference to FIG. 4, the memory system will be
described. Except for the address storage unit 415 and the
refresh control unit 417 of the memory 410 of FIG. 4,
operations of elements 411 to 414, 416, 418, and 419 are
substantially the same as those of corresponding elements of
the memory 310 of FIG. 3. Furthermore, operations of
elements 421 to 423 of the memory controller 420 of FIG.
4 are substantially the same as those of the elements 321 to
323 of the memory controller 320 of FIG. 3.

The address storage unit 415 may store the input address
IN_ADD inputted together with the capture command CAP
when the capture command CAP is activated. The input
address IN_ADD inputted together with the capture com-
mand CAP may include an address of a word line with the
number of activation times equal to or more than a reference
number or with an activation frequency equal to or more
than a reference frequency. When the input address
IN_ADD is stored, the address storage unit 415 may activate
a target refresh enable signal TRR_EN. The target refresh
enable signal TRR_EN may indicate that the target refresh
operation is performed during a future refresh operation.
When the target refresh signal TRR is activated, the address
storage unit 415 may sequentially output one or more
addresses of the stored address hereinafter, referred to as a
“target address TAR_ADD”, and one or more adjacent
addresses. The adjacent addresses may include addresses of
one or more word lines adjacent to a word line correspond-
ing to an address stored in the address storage unit 415.

For example, a plurality of word lines WL0 to WLN have
been sequentially arranged and have addresses with values
of “0” to “N” that have been allocated to the plurality of
word lines WL0 to WLN, respectively. When an address “K”
is stored together with the capture command CAP, the
address storage unit 415 may store the address K. When the
target refresh signal TRR is activated, the address storage
unit 415 may sequentially output one or more of the K, K-1
and K+1 addresses of the word lines WLK-1 and WLK+1
adjacent to the word line WLK corresponding to K. The K-1
and the K+1 may be generated by subtracting 1 from the K
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stored in the address storage unit 415 and by adding 1 to the
K stored in the address storage unit 415, respectively.

When the refresh command REF is activated, the refresh
control unit 417 may activate the refresh signal REFP. When
the target refresh enable signal TRR_EN has been activated
and the refresh command REF is activated by a set number
of times, the refresh control unit 417 may activate the target
refresh signal TRR. For example, when the target refresh
enable signal TRR_EN has been activated, the refresh
control unit 417 may activate the target refresh signal TRR
when the refresh command REF is activated four times.
Furthermore, the refresh control unit 417 may activate the
refresh active signal REF_ACT in response to the refresh
command REF, and activate the refresh precharge signal
REF_PRE after a set time passes. The number of times, by
which the refresh control unit 417 activates the refresh
active signal REF_ACT and the refresh precharge signal
REF_PRE in response to one refresh command REF, may be
changed according to design.

The memory system according to an exemplary embodi-
ment of the present invention may substantially prevent
deterioration of data of a memory cell due to a word line
disturbance, and may perform a high speed operation by
minimizing a time necessary for the target refresh operation.

With reference to FIG. 3 and FIG. 4, a method for
operating the memory system according to an exemplary
embodiment of the present invention will be described.

The method for operating the memory system may
include a step hereinafter, referred to as a “capture command
transmission step” in which the memory controllers 320 and
420 transmit the high active address and the capture com-
mand CAP to the memories 310 and 410 when the fre-
quently activated word line or the high active address is
detected, a step hereinafter, referred to as a “high active
address storage step” in which the memories 310 and 410
store the transmitted high active address in response to the
capture command CAP, and a step hereinafter, referred to as
a “refresh step”, in which the memories 310 and 410
sequentially refresh the plurality of word lines WL0 to WLN
in response to the refresh command REF inputted at a set
cycle, and refresh word lines selected based on an address in
response to the refresh command REF when the address is
stored in response to the capture command CAP.

The memory controllers 320 and 420 may transmit the
refresh command REF to the memories 310 and 410 at a set
cycle, and when the high active address is detected, the
memory controllers 320 and 420 may transmit the capture
command CAP and the high active address to the memories
310 and 410 in the capture command transmission step.

In the high active address storage step, the memories 310
and 410 may store the address transmitted from the memory
controllers 320 and 420 in response to the capture command
CAP.

In the refresh step, the memories 310 and 410 may
perform the normal refresh operation or the target refresh
operation in response to the refresh command REF. Particu-
larly, when the capture command CAP is not applied, the
memories 310 and 410 may perform the normal refresh
operation in response to the refresh command REF. When
the capture command CAP is applied, the memories 310 and
410 may refresh word lines, i.e., a frequently activated word
line and one or more adjacent word lines, selected based on
the stored address in response to the refresh command REF.

FIG. 5 is a block diagram illustrating a memory system
according to an exemplary embodiment of the present
invention. The memory system of FIG. 5 may perform the
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target refresh operation when a target refresh command
TRR_CMD is applied from a memory controller 520.

As illustrated in FIG. 5, the memory system may include
a memory 510 and the memory controller 520. The memory
510 may include a command input unit 511, an address input
unit 512, a command decoder 513, an address counting unit
514, an address storage unit 515, an address selection unit
516, a refresh control unit 517, a word line control unit 518,
and a cell array 519. The memory controller 520 may
include a command generation unit 521, an address genera-
tion unit 522, and a word line detection unit 523. The cell
array 519 may include a plurality of word lines WLO to
WLN to which one or more memory cells MCs have been
coupled. FIG. 5 illustrates only a configuration related to an
activation operation and a refresh operation in the memory
system. Configurations related to operations, such as a read
operation or a write operation, that are not directly related to
the present invention have not been illustrated.

With reference to FIG. 5, the memory system will be
described. Except for the command decoder 513, the address
storage unit 515, and the refresh control unit 517 of the
memory 510 of FIG. 5, operations of elements 511, 512,
514, 516, 518, and 519 are substantially the same as those
of corresponding elements of the memory 310 of FIG. 3.

The command decoder 513 may decode command signals
CMDs inputted through the command input unit 511, and
generate the active command ACT, the refresh command
REF, the precharge command PRE, and the target refresh
command TRR_CMD. The command decoder 513 may
activate the active command ACT when a combination of
the inputted command signals CMDs indicates the active
command ACT, activate the refresh command REF when the
combination indicates the refresh command REF, activate
the precharge command PRE when the combination indi-
cates the precharge command PRE, and activate the target
refresh command TRR_CMD when the combination corre-
sponds to the target refresh command TRR_CMD. The
target refresh command TRR_CMD may be defined as a
new combination of the command signals CMDs. Addition-
ally, the command decoder 513 may decode the inputted
command signals CMDs and generate read and write com-
mands and the like. However, since these commands are not
directly related to the memory according to the exemplary
embodiment of the present invention, an illustration and
description thereof will be omitted.

The address storage unit 515 may store the input address
IN_ADD in response to the target refresh command
TRR_CMD, and output one or more of the stored address
and one or more adjacent addresses. When the target refresh
signal TRR is activated, the address storage unit 515 may
sequentially output one or more addresses of the stored
address hereinafter, referred to as a “target address
TAR_ADD?”, and the one or more adjacent addresses. The
one or more adjacent addresses may include addresses of
one or more adjacent word lines adjacent to a word line
corresponding to the address stored in the address storage
unit 515.

For example, a plurality of word lines WL0 to WLN have
been sequentially arranged and have addresses with values
of “0” to “N” that have been allocated to the plurality of
word lines WL0 to WLN, respectively. When an address “K”
is stored together with the capture command CAP, the
address storage unit 515 may store the address K. When the
target refresh signal TRR is activated, the address storage
unit 515 may sequentially output one or more of the K, K-1
and K+1 addresses of the word lines WLK-1 and WLK+1
adjacent to the word line WLK corresponding to the K
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address. The K-1 and the K+1 addresses may be generated
by subtracting 1 from the K address stored in the address
storage unit 515 and by adding 1 to the K address stored in
the address storage unit 515, respectively.

When the refresh command REF is activated, the refresh
control unit 517 may activate the refresh signal REFP. When
the target refresh command TRR_CMD is activated, the
refresh control unit 517 may activate the target refresh signal
TRR. Furthermore, the refresh control unit 517 may activate
the refresh active signal REF_ACT in response to the refresh
command REF or the target refresh command TRR_CMD,
and activate the refresh precharge signal REF_PRE after a
set time passes. The number of times, by which the refresh
control unit 517 activates the refresh active signal
REF_ACT and the refresh precharge signal REF_PRE in
response to the refresh command REF or the target refresh
command TRR_CMD, may be changed according to design.

For example, in the normal refresh operation one word
line is refreshed when the refresh command REF is activated
once, and three word lines are activated when the target
refresh command TRR_CMD is activated once. Accordingly
the refresh control unit 517 may activate the refresh active
signal REF_ACT and the refresh precharge signal REF_
PRE once when the refresh command REF is activated, and
activate the refresh active signal REF_ACT and the refresh
precharge signal REF_PRE three times when the target
refresh command TRR_CMD is activated.

The memory controller 520 may transmit command sig-
nals CMDs corresponding to the refresh command REF to
the memory 510 at a set cycle, and when a word line, which
satisfies one or more of conditions that the number of
activation times is equal to or more than the reference
number and the activation frequency is equal to or more than
the reference frequency, is detected from among the plurality
of word lines WL0 to WLN, the memory controller 520 may
transmit command signals CMDs corresponding to the tar-
get refresh command TRR_CMD and a detection address
DET_ADD of the detected word line to the memory 510.

The command generation unit 521 may generate the
command signals CMDs for controlling an operation of the
memory 510, and transmit the command signals CMDs to
the memory 510. The command generation unit 521 may
generate the command signals CMDs corresponding to the
refresh command REF at a set cycle, and when the detection
signal DET is activated, the command generation unit 521
may generate the command signals CMDs corresponding to
the target refresh command TRR_CMD and transmit the
command signals CMDs to the memory 510. Additionally,
the command generation unit 521 may generate command
signals CMDs corresponding to the active command ACT,
the precharge command PRE, the read command, the write
command and the like, and transmit the command signals
CMDs to the memory 510.

The address generation unit 522 may generate addresses
ADDs corresponding to a memory cell MC to be accessed,
among a plurality of memory cells MCs of the memory 510,
and transmit the addresses ADDs to the memory 510. The
address generation unit 522 may generate a row address and
transmit the row address to the memory 510 in a row
operation of the memory 510, for example, an activation
operation, a precharge operation and the like, and may
generate a column address and transmit the column address
to the memory 510 in a column operation of the memory 510
for example, a read operation, a write operation and the like.
The address generation unit 522 may generate no address in
a refresh operation of the memory 510, and when the
detection signal DET is activated, the address generation
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unit 522 may generate an address corresponding to the
detected word line based on the detection address
DET_ADD outputted from the word line detection unit 523,
and transmit the address to the memory 510.

According to the operations of the word line detection
unit 523, it is possible to detect a frequently activated word
line or a high active address through substantially the same
operation as that of the word line detection unit 323 of FIG.
3.

Hereinafter, an operation of the memory system will be
described. When the memory 510 refreshes one word line in
response to the refresh command REF, and the target refresh
command TRR_CMD is activated, the memory 510
refreshes three word lines, i.e., a word line corresponding to
an address stored in the address storage unit 515, a first
adjacent word line and a second adjacent word line, which
are adjacent to the word line corresponding to the address
stored in the address storage unit 515.

The memory controller 520 may transmit the command
signals CMDs corresponding to the refresh command REF
to the memory 510 at a set cycle. The memory 510 may
sequentially refresh the plurality of word lines WL0 to WLN
one by one whenever the refresh command REF is activated.
The memory controller 520 may apply the active command
ACT, the write command, the read command, the precharge
command PRE and the like between the refresh commands
REF, thereby accessing memory cells selected by an address
among the memory cells MCs included in the memory 510.

When a frequently activated word line is detected, the
memory controller 520 may transmit to the memory 510, the
command signals CMDs corresponding to the target refresh
command TRR_CMD and the addresses ADDs correspond-
ing to the detection address DET_ADD. The memory 510
may store the input address IN_ADD in response to the
target refresh command TRR_CMD, and sequentially output
the stored address, the first adjacent address, and the second
adjacent address as the target address TAR_ADD in a
section in which the target refresh signal TRR has been
activated. When the stored address corresponds to the WLK,
the first adjacent address may correspond to the WLK-1 and
the second adjacent address may correspond to the WLK+1.
The memory 510 may sequentially refresh the WLK, WLK-
1, and WLK+1 word lines in response to the target address
TAR_ADD in the section in which the target refresh signal
TRR has been activated.

The memory system according to the exemplary embodi-
ment of the present invention may substantially prevent
deterioration of data of a memory cell due to a word line
disturbance, and may perform a high speed operation by
minimizing a time necessary for the target refresh operation.

With reference again to FIG. 5, a memory system accord-
ing to another embodiment will be described. A memory
system may perform the target refresh operation whenever
the normal refresh operation is performed by a set number
of times.

The operations of the elements 511 to 519 of the memory
510 are substantially the same as those described in FIG. 5.

The memory controller 520 may transmit command sig-
nals CMDs corresponding to the refresh command REF to
the memory 510 at a set cycle, and when a word line, which
satisfies one or more of conditions that the number of
activation times is equal to or more than the reference
number and the activation frequency is equal to or more than
the reference frequency, is detected from among the plurality
of word lines WL0O to WLN;, the memory controller 520 may
transmit command signals CMDs corresponding to the tar-
get refresh command TRR_CMD and an address of the
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detected word line to the memory 510 when the command
signals CMDs corresponding to the refresh command REF
are transmitted by a set number of times.

The command generation unit 521 may generate the
command signals CMDs for controlling an operation of the
memory 510, and transmit the command signals CMDs to
the memory 510. The command generation unit 521 may
generate the command signals CMDs corresponding to the
refresh command REF at a set cycle, and when the detection
signal DET is activated, the command generation unit 521
may generate the command signals CMDs corresponding to
the target refresh command TRR_CMD and transmit the
command signals CMDs to the memory 510 whenever the
command signals CMDs corresponding to the refresh com-
mand REF are generated by a set number of times.

The address generation unit 522 may generate addresses
ADDs corresponding to a memory cell MC to be accessed,
among a plurality of memory cells MCs of the memory 510,
and transmit the addresses ADDs to the memory 510. The
address generation unit 522 may generate no address in a
refresh operation of the memory 510, and when the detection
signal DET is activated, the address generation unit 522 may
generate an address for selecting a word line corresponding
to the detection address DET_ADD outputted from the word
line detection unit 523 whenever the command signals
CMDs corresponding to the refresh command REF are
generated by a set number of times, and transmit the address
to the memory 510.

The operations of the word line detection unit 523 are
substantially the same as those of the word line detection
unit 323 of FIG. 3.

Hereinafter, an operation of the memory system will be
described. When the memory 510 refreshes one word line in
response to the refresh command REF, and when the target
refresh command TRR_CMD is activated, the memory 510
refreshes three word lines, i.e., a word line corresponding to
an address stored in the address storage unit 515, a first
adjacent word line and a second adjacent word line, which
are adjacent to the word line corresponding to the address
stored in the address storage unit 515.

The memory controller 520 may transmit the command
signals CMDs corresponding to the refresh command REF
to the memory 510 at a set cycle. The memory 510 may
sequentially refresh the plurality of word lines WL0 to WLN
one by one whenever the refresh command REF is activated.
The memory controller 520 may apply the active command
ACT, the write command, the read command, the precharge
command PRE and the like between the refresh commands
REF, thereby accessing memory cells selected by an address
among the memory cells MCs included in the memory 510.

When a frequently activated word line is detected, the
memory controller 520 may additionally transmit the com-
mand signals CMDs corresponding to the target refresh
command TRR_CMD and the addresses ADDs correspond-
ing to the detection address DET_ADD to the memory 510
whenever the refresh commands REF is transmitted by a set
number of times. The memory 510 may store the input
address IN_ADD in response to the target refresh command
TRR_CMD, and sequentially output the stored address, the
first adjacent address, and the second adjacent address as the
target address TAR_ADD in a section in which the target
refresh signal TRR has been activated. When the stored
address corresponds to the WLK, the first adjacent address
may correspond to the WLK-1 and the second adjacent
address may correspond to the WLK+1. The memory 510
may sequentially refresh the WLK, the WLK-1, and the



US 9,437,275 B2

15
WLK+1 in response to the target address TAR_ADD in the
section in which the target refresh signal TRR has been
activated.

The memory system according to another embodiment
may substantially prevent deterioration of data of a memory
cell due to a word line disturbance, and may perform a high
speed operation by minimizing a time necessary for the
target refresh operation.

With reference to FIG. 5, a method for operating the
memory system according to the exemplary embodiment of
the present invention will be described.

The method for operating the memory system may
include a step hereinafter, referred to as a “target refresh
command transmission step” in which the memory control-
ler 520 transmits the high active address and the target
refresh command TRR_CMD to the memory 510 when the
high active address is detected, and a step hereinafter,
referred to as a “refresh step” in which the memory 510
sequentially refreshes the plurality of word lines WLO to
WLN in response to the refresh command REF inputted at
a set cycle, stores the transmitted high active address in
response to the target refresh command TRR_CMD, and
refreshes word lines selected based on the stored address.

The memory controller 520 may transmit the refresh
command REF to the memory 510 at a set cycle, and when
the high active address is detected, the memory controller
520 may transmit the target refresh command TRR_CMD
and the high active address to the memory 510 in the target
refresh command transmission step.

In the refresh step, the memory 510 may perform the
normal refresh operation or the target refresh operation in
response to the refresh command REF. Particularly, the
memory 510 may perform the normal refresh operation in
response to the refresh command REF, and perform the
target refresh operation on word lines, ie., a frequently
activated word line and one or more adjacent word lines,
selected based on the high active address in response to the
target refresh command TRR_CMD.

While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention as defined in the following claims.

What is claimed is:

1. A memory system comprising:

a memory suitable for including a cell array having a
plurality of word lines and an address storage unit that
stores an address in response to a capture command,
wherein the memory sequentially refreshes the plural-
ity of word lines in response to a refresh command
inputted at a set cycle, and refreshes a word line
corresponding to the stored address among the plurality
of' word lines in response to the refresh command when
the address is stored in the address storage unit; and

a memory controller suitable for transmitting the refresh
command to the memory at the set cycle, and trans-
mitting the capture command and an address of the
detected word line to the memory, when a word line
satisfying one or more of conditions that the number of
activation times is equal to or more than a reference
number and an activation frequency is equal to or more
than a reference frequency is detected,

wherein the memory further comprises:

an address selection unit suitable for receiving an input
address, a counting address, and the stored address in
the address storage unit, outputting the input address
when an active command is activated, outputting the
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counting address when a refresh signal is activated, and
outputting the stored address when a target refresh
signal is activated;

a refresh control unit suitable for activating the refresh
signal when the refresh command is activated, activat-
ing the target refresh signal when the refresh command
is activated after the capture command is activated, and
activating a refresh active signal in response to the
refresh command; and

a word line control unit suitable for activating a word line
corresponding to an address outputted from the address
selection unit among the plurality of word lines in
response to the active command or the refresh active
signal.

2. The memory system of claim 1, wherein the memory

controller comprises:

a word line detection unit suitable for activating a detec-
tion signal when the word line satisfying the conditions
is detected from among the plurality of word lines;

an address generation unit suitable for generating an
address, and generating the address corresponding to
the detected word line when the detection signal is
activated; and

a command generation unit suitable for generating the
refresh command at a set cycle, and generating the
capture command when the detection signal is acti-
vated.

3. The memory system of claim 1, wherein the memory
selects one or more of the word lines corresponding to the
stored address and one or more word lines adjacent to the
word line corresponding to the stored address.

4. The memory system of claim 1, wherein the memory
comprises:

an address counting unit suitable for generating the count-
ing address by performing a counting operation when
the cell array is refreshed, wherein the address counting
unit does not perform the counting operation when the
word line corresponding to the stored address is
refreshed.

5. The memory system of claim 4, wherein the memory

further comprises:

an address selection unit suitable for receiving an input
address, the counting address, and the stored address in
the address storage unit, outputting the input address
when an active command is activated, outputting the
counting address when a refresh signal is activated, and
outputting the stored address when a target refresh
signal is activated;

a refresh control unit suitable for activating the refresh
signal when the refresh command is activated, activat-
ing the target refresh signal when the refresh command
is activated by a set number of times, and activating a
refresh active signal in response to the refresh com-
mand; and

a word line control unit suitable for activating a word line
corresponding to an address outputted from the address
selection unit among the plurality of word lines in
response to the active command or the refresh active
signal.

6. The memory system of claim 1, wherein the address
storage unit outputs one or more of the stored address and
one or more adjacent addresses when the target refresh
signal is activated, wherein one or more adjacent addresses
are addresses of one or more word lines adjacent to the word
line corresponding to the stored address.
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7. A memory system comprising:

a memory suitable for including a cell array having a
plurality of word lines, sequentially refreshing the
plurality of word lines in response to a refresh com-
mand inputted at a set cycle, and refreshing a word line
corresponding to an input address and one or more
adjacent word lines adjacent to the word line corre-
sponding to the input address in response to a target
refresh command; and

a memory controller suitable for transmitting the refresh
command to the memory at the set cycle, and trans-
mitting the target refresh command and an address of
the detected word line to the memory when a word line
satisfying one or more of conditions that the number of
activation times is equal to or more than a reference
number and an activation frequency is equal to or more
than a reference frequency is detected

wherein the memory further comprises:

an address selection unit suitable for receiving an input
address, a counting address, and the stored address in
the address storage unit, outputting the input address
when an active command is activated, outputting the
counting address when a refresh signal is activated, and
outputting the stored address when a target refresh
signal is activated;

a refresh control unit suitable for activating the refresh
signal when the refresh command is activated, activat-
ing the target refresh signal when the target refresh
command is activated, and activating a refresh active
signal when the refresh command or the target refresh
command is activated; and

a word line control unit suitable for activating a word line
corresponding to an address outputted from the address
selection unit among the plurality of word lines in
response to the active command or the refresh active
signal.

8. The memory system of claim 7, wherein the memory

controller comprises:

a word line detection unit suitable for activating a detec-
tion signal when the word line satisfying the conditions
is detected from among the plurality of word lines;

35

40

18

a command generation unit suitable for generating the
refresh command at a set cycle, and generating the
target refresh command when the detection signal is
activated; and

an address generation unit suitable for generating the
address of the detected word line when the detection
signal is activated.

9. The memory system of claim 7, wherein the memory

controller comprises:

a word line detection unit suitable for activating a detec-
tion signal when the word line satisfying the conditions
is detected from among the plurality of word lines;

a command generation unit suitable for generating the
refresh command at a set cycle, and generating the
target refresh command when the refresh command is
activated by a set number of times; and

an address generation unit suitable for generating the
address of the detected word line when the detection
signal is activated.

10. The memory system of claim 7, wherein the memory
stores the input address in response to the target refresh
command, and refreshes one or more of a word line corre-
sponding to the stored address and one or more word lines
which are adjacent to the word line corresponding to the
stored address.

11. The memory system of claim 7, wherein the memory
comprises:

an address storage unit suitable for storing the input
address in response to the target refresh command, and
outputting one or more of the stored address and one or
more adjacent addresses which are addresses of one or
more word lines adjacent to a word line corresponding
to the stored address.

12. The memory system of claim 11, wherein the memory

further comprises:

an address counting unit suitable for generating the count-
ing address by performing a counting operation when
the cell array is refreshed, wherein the address counting
unit does not perform the counting operation when the
word line corresponding to the stored address is
refreshed.



